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PORTABLE PROJECTOR AND IMAGE
PROJECTING METHOD THEREOF

PRIORITY

This application claims priority under 35 U.S.C. §119(a)to
Korean Application Serial Nos. 10-2012-0025613 and
10-2012-0034077, which were filed in the Korean Intellec-
tual Property Office on March 13 and Apr. 2, 2012, the con-
tents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a projector, and
more particularly, to a portable projector and an image pro-
jecting method of a portable projector.

2. Description of the Related Art

Various portable devices which can communicate and pro-
cess personal information while in motion, such as a mobile
phone, a smart phone, a Personal Digital Assistant (PDA) and
an electronic scheduler have been released during the rapid
development of digital technologies.

The portable devices output screen data desired to be pri-
marily displayed on a display provided on the portable device,
which usually has a small size for portability purposes.

Accordingly, a user alone can see information displayed on
the display device, but has difficulty sharing the information
with a plurality of users. Therefore, various attempts have
been made to provide a portable device having a projector
function of outputting an image of the portable device to the
outside and allowing a plurality of users to view the image
together through a large screen.

The portable device having the projector function refers to
a portable terminal capable of projecting screen data of the
portable device onto a surface such as a wall or a floor as an
external screen, thus allowing a plurality of users to simulta-
neously view the projected screen data.

The portable device having the conventional projector
function performs an input function of obtaining input data by
placing an object such as a hand or a pen close to an image
screen projected onto a projection area as well as the image
projection function corresponding to an inherent function of
the current projector.

However, the portable device having the conventional pro-
jector function is inconvenient and lacks versatility because it
can only obtain the input data by using one of, but not both of,
the hand and the pen.

In addition, the portable device having the conventional
projector function has limited implementation since a projec-
tion angle of the screen data is controlled using a separate
complex mechanical component for controlling the projec-
tion angle on the wall or the floor.

SUMMARY OF THE INVENTION

Accordingly, an aspect of the present invention is to pro-
vide a portable projector capable of discriminating between a
pen input and a finger input and simultaneously supporting
the pen and the finger input, and an image projecting method
of the portable projector.

Another aspect of the present invention is to provide a
portable projector capable of allowing a simple projection
onto a floor through a reflecting method using a mirror, and an
image projecting method of the portable projector.

In accordance with as aspect of the present invention, a
portable projector includes a projector module for projecting
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image data, an infrared ray output unit which outputs an
infrared ray to a projected image data area, a camera unit
which photographs the projected image data area, a coordi-
nate value calculator which calculates a coordinate value
corresponding to each coordinate value of the photographed
projected image data area, and a controller which determines
whether there is a pen or a finger input in the projected image
data area according to the calculated coordinate value and
performing a control for updating the image data by using an
input coordinate value corresponding to the input when there
is the input by the one of the pen and the finger.

In accordance with another aspect of the present invention,
a method of projecting image data by a portable projector
includes projecting image data and outputting an infrared ray
to a projected image data area, photographing the projected
image data area, calculating a coordinate value corresponding
to each coordinate value of the photographed projected image
data area, determining whether there is a pen or a finger input
in the projected image data area according to the calculated
coordinate value, and updating the image data by using an
input coordinate value when the input is determined.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
the present invention will be more apparent from the follow-
ing detailed description taken in conjunction with the accom-
panying drawings, in which:

FIG. 1 illustrates a portable projector according to an
embodiment of the present invention;

FIG. 2 illustrates projecting an image onto a floor by a
portable projector according to an embodiment of the present
invention;

FIG. 3 is a configuration diagram of a pen according to an
embodiment of the present invention;

FIG. 4 is a configuration diagram of an external terminal
and a portable projector according to an embodiment of the
present invention;

FIG. 5 illustrates an image projecting method of a portable
projector according to a first embodiment of the present
invention; and

FIG. 6 illustrates an image projecting method of a portable
projector according to a second embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE PRESENT INVENTION

Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings. In
the following description, the same elements will be desig-
nated by the same reference numerals although they are
shown in different drawings. Various specific definitions
found in the following description are provided only to help
general understanding of the present invention, and it is
apparent to those skilled in the art that the present invention
can be implemented without such definitions. Further, a
detailed description of known functions and configurations
incorporated herein will be omitted for the sake of clarity and
conciseness.

The portable projector according to an embodiment of the
present invention calculates each pixel value of the projected
image data photographed by the infrared ray camera, when
there is a pixel that is greater than a (predetermined) first
threshold, determines a coordinate value of the corresponding
pixel as a pen input coordinate value, and when there is a pixel
that is less than or equal to the first threshold and greater than
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a (predetermined) second threshold, determines the coordi-
nate value of the corresponding pixel as a finger input coor-
dinate value. The portable projector according to an embodi-
ment of the present invention projects image data updated
according to the input coordinate value.

The portable projector may receive image data from an
external terminal such as a smart phone, a video player, or a
mobile phone, and project the received image data. Alterna-
tively, the portable device may be integrally implemented
with a device such as a smart phone, a video player, a mobile
phone, or a Digital Multimedia Broadcasting (DMB)
receiver, and project pre-stored image data.

FIG. 1 illustrates an external terminal and a portable pro-
jector according to an embodiment of the present invention.
Referring to FIG. 1, an external terminal 100 transmits image
data to a portable projector 200. When the external terminal
100 receives an input coordinate value and an image data
update request signal from the portable projector 200, the
external terminal 100 updates the image data by using the
input coordinate value and provides the updated image datato
the portable projector 200.

The portable projector 200 receives image data from the
external terminal 100 such as a smart phone, a video player, or
a mobile phone. The portable projector 200 outputs the
received image data through a projector module 240, reflects
the output image data through a mirror unit 250 to project the
image data onto a floor, and outputs an infrared ray flat light
parallel to a floor surface through an infrared ray output unit
260.

The portable projector 200 photographs the image data
projected onto the floor by using a camera unit 270, analyzes
the photographed image data to determine whether there is a
pen or a finger input, and then determines an input coordinate
value. The portable projector 200 transmits the determined
input coordinate value and an image data update request
signal to the external terminal 100.

FIG. 2 illustrates in detail the portable projector 200
according to an embodiment of the present invention. Refer-
ring to FIG. 2, the portable projector 200 projects image data
onto a floor through the projector module 240 and the mirror
unit 250, outputs the infrared ray flat light parallel to the floor
surface through the infrared ray output unit 260, photographs
the image data projected onto the floor through the camera
unit 270, and then determines whether there is an input by one
of'a pen 300 and a finger 400.

When an image data area projected onto the floor is
touched by the finger 400, the infrared ray flat light is reflected
by the finger 400, and the reflected light may be incident to the
camera unit 270, and a coordinate value corresponding to a
position touched by the finger may be greater than or equal to
the second threshold due to the incidence of the reflected
light, in the image data photographed by the camera unit 270.

When the image data area projected onto the floor is
touched by the pen 300, an infrared ray emitter installed in the
pen 300 is turned on and thus emits light, and the emitted light
from the infrared ray emitter may be incident to the camera
unit 270.

FIG. 3 is a configuration diagram of the pen 300 according
to an embodiment of the present invention. Referring to FIG.
3, the pen 300 may include an infrared ray emitter 310, a
switch unit 320, and a power unit 330. When the pen 300
touches the area of the image data projected onto the floor, the
infrared ray emitter 310 and the power unit 330 are connected
by the switch unit 320, and the infrared ray emitter 310
receives power from the power unit 330 to emit the light. The
infrared ray emitter 310 includes, for example, an infrared ray
Light-Emitting Diode (LED). When the pen 300 touches the
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area of the image data projected onto the floor, a coordinate
value corresponding to a position touched by the pen may be
greater than or equal to the first threshold due to the incidence
of the emitted light, in the image data photographed by the
infrared ray camera 270.

Accordingly, the portable projector 200 calculates each
coordinate value of the projected image data photographed by
the camera unit 270, and determines, when there is a coordi-
nate value greater than the first threshold, the corresponding
coordinate value as an input coordinate value of the pen 300.

When there is a coordinate value less than or equal to the
first threshold and greater than the second threshold among
the coordinate values of the projected image data photo-
graphed by the camera unit 270, the corresponding coordinate
value is determined as an input coordinate value of the finger
400. In addition, the portable projector 200 transmits the
input coordinate value and the image data update request
signal to the external terminal 100, receives the updated
image data from the external terminal 100, and then projects
the image data.

FIG. 4 is a configuration diagram of the external terminal
100 and the portable projector 200 according to an embodi-
ment of the present invention. Referring to FIG. 4, the exter-
nal terminal 100 may be a mobile terminal such as a smart
phone, and includes an input unit 110, a terminal controller
120, an image processor 130, a terminal transceiver 140, a
display unit 150, and a memory unit 160.

The input unit 110 inputs various numbers, characters and
symbols and may be implemented by a keypad or a touch
screen including a combination of a plurality of keys for
inputting various user commands. The input unit 110 trans-
fers a user input such as an image projection request input by
the user to the terminal controller 120 according to an
embodiment of the present invention.

The terminal controller 120 performs general control
operations for the external terminal 100, such as a control
required for transmitting image data to the portable projector
200 and a control required for updating the image data as an
input coordinate value and an image data update request
signal are received from the portable projector.

The image processor 130 updates the image data by using
the input coordinate value according to a control of the ter-
minal controller 120. For example, the image processor 130
performs image processing for the image data in a position
corresponding to the input coordinate value among the exist-
ing image data and updates the image data to image-pro-
cessed image data.

The terminal transceiver 140 performs communication
with the portable projector 200 according to a control of the
terminal controller 120, transmits the image data to the por-
table projector 200, and receives the input coordinate value
and the image data update request signal from the portable
projector 200. When the image data is updated, the terminal
transceiver 140 transmits the updated image data to the por-
table projector 200.

The display unit 150 may be implemented by a Liquid
Crystal Display (LCD) or an Organic Electroluminescence
Display (OLED), for example, and displays a screen showing
an operation or a state of the external terminal 100 according
to a control of the controller 120.

The memory unit 160 may be implemented by a nonvola-
tile memory such as a flash memory or a hard disk, and stores
data or a program required for the operation of the external
terminal 100. Particularly, the memory unit 160 stores image
data such as a photo, a video, and an image.

The portable projector 200 which receives the image data
from the external terminal 100 and projects the image data
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onto an external screen such as a floor may include a projector
transceiver 210, a projector controller 220, a projector driver
230, the projector module 240, the mirror unit 250, the infra-
red output unit 260, the camera unit 270, and a coordinate
value calculator 280.

The projector transceiver 210 performs communication
with the external terminal 100. For example, the projector
transceiver 210 receives the image data from the external
terminal 100. When there is an input by at least one of the pen
300 and/or the finger 400, the projector transceiver 210 trans-
mits an input coordinate value by the pen 300 and/or the
finger 400 and an image data update request signal to the
external terminal 100.

The projector controller 220 performs a general control
operation of the portable projector 200. For example, when
the image data is received from the external terminal 100, the
projector controller 220 performs a control required for pro-
jecting the received image data. The projector controller 220
receives each coordinate value calculated by the coordinate
value calculator 280. When there is a coordinate value greater
than a first threshold (for example, when photographed image
data is 8 bit YUV, a Y threshold corresponds to a 255 level),
the projector controller 220 determines the corresponding
coordinate value as an input coordinate value of the pen 300.

When there is a coordinate value less than or equal to the
first threshold and greater than a second threshold (for
example, when photographed image data is 8 bit YUV, aY
threshold corresponds to a 128 level) among coordinate val-
ues of the projected image data calculated by the coordinate
value calculator 280, the projector controller 220 determines
the corresponding coordinate value as an input coordinate
value of the finger 400. The projector controller 220 controls
such that the input coordinate value and the image data update
request signal are transmitted to the external terminal 100,
and the updated image data is received from the external
terminal 100 and is then projected.

The projector driver 230 controls a size of a projection
screen and brightness of the projector screen onto which the
image data is to be projected according to a control of the
projector controller 220, and drives the projector module 240
to project the image data.

The projector module 240 is driven by the projector driver
230 to project the image data according to the projection
screen size and the projection screen brightness controlled by
the projector driver 230

The mirror unit 250 may be implemented by a convex
mirror designed to have a particular curvature, and reflects the
image data projected from the projector module 240 with the
particular curvature to project the image data onto the floor.
Preferably, the curvature allows the image data projected
from the projector module 240 to be projected onto the floor
without distortion.

The infrared ray output unit 260 may be implemented by an
Infrared Ray emitting diode (IR emitter), and outputs an
infrared ray to an area corresponding to an image data pro-
jection screen.

The camera unit 270 may be implemented by an infrared
ray camera, and generally photographs the projected image
data area in 30 frames per second.

The coordinate value calculator 280 calculates each coor-
dinate value of the projected image data photographed by the
camera unit 270. For example, the coordinate value calculator
280 calculates a YUV value corresponding to each coordinate
of the photographed projected image data and transfers the
calculated YUV value to the projector controller 220.

The portable projector 200 configured as described above
according to an embodiment of the present invention enables
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a simple projection onto the floor by reflecting the projected
image data onto the floor by using the mirror, and simulta-
neously supports inputs by the pen 300 and the finger 400, so
that the user may perform the input by using a desired one of
the pen 300 and the finger 400 during the image projection.

FIG. 5 is a flowchart of an image data projecting method of
the portable projector 200 according to a first embodiment of
the present invention. Referring to FIG. 5, the portable pro-
jector 200 receives image data from the external terminal 100
and projects the received image data onto an external screen
such as a floor by the mirror unit 250 in step 502.

The portable projector 200 photographs the projected
image data through the camera unit 270 in step 504, and
calculates each coordinate value of the photographed image
data through the coordinate value calculator 280 in step 506.

When an image data area projected onto the floor is
touched by the finger 400, an infrared ray flat light is reflected
by the finger 400 and the reflected light is incident to the
camera unit 270, so that a coordinate value corresponding to
a position touched by the finger 400 may be greater than or
equal to a second threshold due to the incidence of the
reflected light, in the photographed image data. When the
image data area projected onto the floor is touched by the pen
300, a light emitted by an emission of the infrared ray emitter
310 of the pen 300 is incident to the camera unit 270, so that
a coordinate value corresponding to a position touch by the
pen 300 may be greater than or equal to a first threshold due
to the incidence of the emitted light.

Accordingly, the portable projector 200 determines
whether there is a coordinate value greater than the first
threshold among coordinate values of the photographed
image data in step 508. The first threshold is a reference value
which determines an input by the pen 300. For example, when
the photographed image data is 8 bit YUV, aY threshold may
be a 255 level.

When there is the coordinate value greater than the first
threshold, the portable projector 200 determines the corre-
sponding coordinate value as an input coordinate value of the
pen in step 510.

The portable projector 200 determines whether there is a
coordinate value less than or equal to the first threshold and
greater than the second threshold among the coordinate val-
ues of the photographed image data in step 512. The second
threshold is a reference value which determines an input by
the finger 400. For example, when the photographed image
data is 8 bit YUV, the Y threshold may be a 128 level.

When there is the coordinate value less than or equal to the
first threshold and greater than the second threshold, the
portable projector 200 determines the corresponding coordi-
nate value as an input coordinate value of the finger 400 in
step 514.

The portable projector 200 requests an image data update
according to the input coordinate value by the external termi-
nal 100 in step 516, and determines whether the image data
projection ends in step 518. When the image data projection
does not end, the portable projector 200 returns to step 502
where the updated image data from the external terminal 100
is received and projected.

According to the first embodiment of the present invention,
when the user continuously performs the input of the pen 300,
an infrared ray flat light is continuously output by the infrared
ray output unit 260, so that a reflected light of the infrared ray
flat light by a palm touch generated when the input of the pen
300 is performed may be photographed by the camera,
together with the light emitted by the pen 300. The photo-
graphed reflected light may act as noise in determining the
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input coordinate value, and thus generate an error in calcu-
lating the input coordinate value.

Accordingly, in a second embodiment of the present inven-
tion, the infrared ray output unit 260 outputs the infrared ray
flat light when there is no pen 300 input, and does not output
the infrared ray flat light when there is no pen 300 input, so
that when the user continuously performs the pen 300 input,
the reflected light by the palm touch is not generated.

FIG. 6 is a flowchart of the image data projecting method of
the portable projector 200 according to the second embodi-
ment of the present invention. Referring to FIG. 6, the por-
table projector 200 receives image data from the external
terminal 100 and projects, by the mirror unit 250, the received
image data onto an external screen such as a floor in step 602.

The portable projector 200 photographs the projected
image data through the camera unit 270 in step 604 The, and
calculates each coordinate value of the photographed image
data through the coordinate value calculator 280 in step 606.

When an image data area projected onto the floor is
touched by the finger 400, an infrared ray flat light is reflected
by the finger 400 and the reflected light is incident to the
camera unit 270, so that a coordinate value corresponding to
a position touched by the finger 400 may be greater than or
equal to a second threshold due to the incidence of the
reflected light, in the photographed image data. When the
image data area projected onto the floor is touched by the pen
300, a light emitted by an emission of the infrared ray emitter
310 of the pen 300 is incident to the camera unit 270, so that
a coordinate value corresponding to a position touch by the
pen 300 may be greater than or equal to a first threshold due
to the incidence of the emitted light.

Accordingly, the portable projector 200 determines
whether there is a coordinate value greater than the first
threshold among coordinate values of the photographed
image data in step 608. The first threshold is a reference value
which determines an input of the pen 300. For example, when
the photographed image data is 8 bit YUV, aY threshold may
be a 255 level.

When there is the coordinate value greater than the first
threshold, the portable projector 200 turns off the infrared ray
output unit 260 to stop outputting the infrared ray flat light by
the infrared ray output unit 260 in step 610.

The portable projector 200 determines the coordinate value
greater than the first threshold as an input coordinate value of
the pen in step 612.

The portable projector 200 determines whether there is a
coordinate value less than or equal to the first threshold and
greater than the second threshold among the coordinate val-
ues of the photographed image data in step 614. The second
threshold is a reference value which determines an input by
the finger 400. For example, when the photographed image
data is 8 bit YUV, the Y threshold may be a 128 level.

When there is the coordinate value less than or equal to the
first threshold and greater than the second threshold, the
portable projector 200 turns on the infrared ray output unit
260 to restart outputting the infrared ray flat light by the
infrared ray output unit 260 in step 616 and returns to step
602.

When there is the coordinate value less than or equal to the
first threshold and greater than the second threshold, the
portable projector 200 determines the coordinate value less
than or equal to the threshold and greater than the second
threshold as an input coordinate value of the finger 400 in step
618.

The portable projector 200 requests an image data update
according to the input coordinate value by the external termi-
nal 100 in step 620, and determines whether the image data
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projection ends in step 622. When the image data projection
does not end, the portable projector 200 returns to step 602,
where it receives the image data from the external terminal
100 and projects the image data.

According to the second embodiment of the present inven-
tion, when one of the coordinate values of the photographed
image data is greater than the first threshold and is thus
determined as the pen input, the reflected light by the input of
the finger 300 may be effectively blocked by turning off a
power supply of the infrared ray output unit 260. Accordingly,
since only the infrared ray light emitted from the pen 300 is
detected by the infrared ray camera 270, a noise light gener-
ated by the palm touch during the input of the pen 300 may be
effectively removed. When there is no pen 300 input, the input
of'the finger 400 may be redetected by turning on the infrared
ray output unit 260.

Although it has been described that the portable projector
200 receives the image data from the external terminal 200
and projects the received image data onto the floor by
example, when the portable projector 200 projects the stored
image data onto the floor and there is at least one of the inputs
by the pen 300 and the finger 400 in the projected image data
area, the portable projector 200 may update the image data by
itself and project the updated image data.

According to the present invention, the portable projector
manufacturing cost is reduced since it is not required to
include a separate hardware component for controlling a pro-
jection angle by enabling a simple projection onto the floor
through a method of reflecting the image data projected from
the portable projector by using the mirror.

The present invention provides the portable projector
which can discriminate between and simultaneously support
the pen input and the finger input, and the image data project-
ing method of the portable projector, so that the user can
conveniently perform the input by using a desired one of the
pen and the finger during the image projection.

Although embodiments have been described in the above
description of the present invention, various modifications
may be made without departing from the scope of the present
invention. For example, it has been described that the image
data is projected onto the floor as an example in some embodi-
ments, but the image data may be projected onto another
external screen such as a wall by controlling a curvature of the
mirror unit 250. In addition, it has been described that the first
threshold and the second threshold are YUV levels in the
description of the present invention, but the first threshold and
the second threshold may be determined as other values.
Accordingly, the scope of the present invention should be
defined by the claims and equivalents thereof rather than the
aforementioned embodiments.

What is claimed is:

1. A portable projector comprising:

a projector module for projecting image data;

an infrared ray output unit which outputs an infrared ray to

a projected image data area;

an infrared ray camera which receives infrared light from

the projected image data area; and

a controller which determines whether there is a pen input

or a finger input based on a value of the infrared light of
each coordinate corresponding to the projected image
data area.

2. The portable projector of claim 1, further comprising a
mirror unit which reflects the image data projected from the
projector module at an angle according to a curvature to
project the image data.

3. The portable projector of claim 2, wherein the curvature
enables the projected image data to be reflected onto a floor.
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4. The portable projector of claim 1, wherein the controller
determines, when there is a coordinate value that is greater
than a first threshold among values of the infrared light of the
each coordinate, the corresponding value of the infrared light
as a value of the infrared light of a pen input coordinate, and
determines, when there is a coordinate value that is less than
orequal to the first threshold and greater than a second thresh-
old, the corresponding value of the infrared light as a value of
the infrared light of a finger input coordinate.

5. The portable projector of claim 1, further comprising a
projector transceiver which receives the image data from an
external terminal and transmits a value of the infrared light of
an input coordinate according to the pen input or the finger
input and an image data update request to the external termi-
nal according to a control of the controller when there is the
input by the one of the pen and the finger.

6. The portable projector of claim 1, wherein the controller
further performs a control for updating the image data by
using a value of the infrared light of an input coordinate
corresponding to the determining whether there is the pen
input or the finger input, when the input is determined.

7. A method of projecting image data by a portable projec-
tor, the method comprising:

projecting image data and outputting an infrared ray to a

projected image data area;

receiving infrared light from the projected image data area;

and

determining whether there is a pen input or a finger input

based on a value of the infrared light of each coordinate
corresponding to the projected image data area.

8. The method of claim 7, further comprising:

updating the image data by using a value of the infrared

light of an input coordinate corresponding to the deter-
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mining whether there is the pen input or the finger input,
when the input is determined; and

projecting the updated image data.
9. The method of claim 7, further comprising:

transmitting a value of the infrared light of an input coor-
dinate according to the pen input or the finger input and
an image data update request signal to an external ter-
minal; and

receiving the updated image data from the external termi-
nal.

10. The method of claim 7, wherein determining whether
there is the pen or the finger input comprises determining,
when there is a value of the infrared light that is greater than
a first threshold among the values of the infrared light of each
of the coordinates, the corresponding value of the infrared
light as a value of the infrared light of a pen input coordinate,
and determining, when there is a value of the infrared light
that is less than or equal to the first threshold and greater than
a second threshold, the corresponding value of the infrared
light as a value of the infrared light of a finger input coordi-
nate.

11. The method of claim 10, further comprising stopping
output of the infrared ray to the projected image data area
when the input coordinate value is determined as the value of
the infrared light of the pen input coordinate.

12. The method of claim 11, further comprising, after stop-
ping output of the infrared ray, restarting output of the infra-
red ray to the projected image data area when there is no value
of'the infrared light of a coordinate that is less than or equal to
the first threshold and greater than the second threshold.
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